In this paper, we present AromaCue, an initial design for a scent-based toolkit to cope with stressful situations using scent conditioning. The AromaCue toolkit consists of two parts: a breath training device using multiple stimuli and a wearable scent-emitting device (with a stress ball as an activator). Scent can trigger emotional memories. In the initial design, we utilized the properties of various scents as retrieval cues for consciousness breathing. In a comparative experiment, eight participants showed a significant heart rate decrease several minutes after a stressor (the Stroop test) when a scent cue was present, but not without it. One week
INTRODUCTION
Can you remember the last time you were in a stressful situation? Maybe you were pitching a project proposal, in a job interview, or taking an oral examination. Stress is a natural biological response to any threat, and it usually causes emotional and physical symptoms. Working under pressure, however, can also motivate productivity, while overreaction to stress (such as shortness of breath, dizziness, and nausea) can lead to adverse effects on occupational or academic performance.
In stress regulation, the term "the relaxation response" coined by Dr. Herbert Benson is an opposite reaction to the fight or flight response. This stress management technique assists people in reducing levels of physical and mental arousal and increasing well-being [4, 27] . This response shares common features with meditative exercises (such as yoga, Zen Buddhism, and mindfulness meditation), helping people to cope with stress [27] . Four essential elements are taken from this technique help to elicit the relaxation response:"(1) a quiet environment; (2) a mental device; (3) the adoption of a passive attitude; and (4) a comfortable position" [4, 27] . As with many other relaxation techniques, practitioners may not always be able to evoke the relaxation response and deal with stressful situations. Given this limitation, we based our design thinking on olfactory conditioning theory to elicit the relaxation response and concentrate on the benefits of deep breathing for treating stress, anxiety, and depression.
The main contributions of this paper are as follows: (1) We present a scent-based toolkit to train and elicit rhythmic breathing in stressful situations. The AromaCue toolkit contains a breathing training device mixing visual and olfactory stimuli that aids users to elicit the relaxation response and a wearable scent-emitting system that sends aroma cues to simulate a conditioned response (deep breathing) for coping with stressful situations. (2) We designed and implemented a comparative experiment in which eight participants showed a significant heart rate decrease using our toolkit several minutes after a stressor (Stroop test) was introduced, (3) we also conducted a one week user study revealing significant improvement on Depression Anxiety and Stress Scale (DASS-21) scores for users applying our design toolkit. Finally, we will discuss best practices and limitations.
RELATED WORK
There has been increasing interest in scent interactions in HCI research [14, 15, 18] . This section explores the opportunities for scent-based designs in HCI from three aspects: scent as an ambient stimulus, scent as a retrieval cue, and scent with other media. Our related works reviewed the role of scent played in the design of equipment and supported the conceptual creation of the AromaCue toolkit.
Scent as an ambient stimulus
In psychology research, classical conditioning, discovered by Ivan Pavlov, is a process of learning or cultivating new habits based on paired stimuli. An olfactory stimulus is often used to improve memory and can be a reliable cue for classical conditioning [31] . However, Chu noticed that olfactory conditioning is rarely used in humans to control behavior consciously. As a result, he presented successful experimental results on olfactory conditioning, demonstrating positive performance in humans [6] . In similar work to ours, Amores et al. discuss the importance of smell in changing cognitive behavior [1] . There is additional work from Amores et al. looking into scent to aid relaxation in virtual reality [2] . Our wearable scent-emitting device follows work from Dobbelstein et al. [10] , but their application scenarios are vastly different, focusing on ambient notifications.
Scent as a retrieval cue
Scent can activate the olfactory sensation and trigger the limbic system in which emotional responses and memories reside. Kaye [17, 19] did some of the early works. He outlines the future uses for scent technology. The most intriguing application for olfactory technology is to explore the potentials for scent-assisted learning. Kaye indicates that smell can facilitate learning and memorization, and "scent-evoked memories are deeper and more emotional" [17] . In the design field, Sissel let al. designed a smell memory kit [26] . She used smell as a retrieval cue, helping the individual to build a special connection to the past and enrich their sensorial experiences.
Scent with other media
Lai et al. presented a hands-on facility offering opportunities to design olfactory experiences in real-life applications [20] . Olfactory design is applied to multi-sensory experiences ranging from VR/MR applications to gaming-enhanced immersion, cross-modal effects, and cognitive and work performance [5, 8, 9, 12, 22, 23, 30] . Several publications focus on meditation and relaxation. Patibanda et al. presented a training device for breathing using wind sounds [24] . It focusses on isolating people from their physical surroundings to cultivate mindful breathing. Patibanda et al. believe that multi-stimuli training can help to foster stress-relief skills. They describe scent conditioning as having potential use in behavioral change technologies, in breaking existing habits and form new ones [25] .
THE AROMACUE TOOLKIT: AN OLFACTORY CONDITIONING PARADIGM
In this section, we discuss our design approach behind the AromaCue toolkit towards helping users to relax and reduce stress. The AromaCue toolkit is composed of two parts: a breathing training device and a wearable scent-emitting system. The goal of this design is to activate the relaxation response to slow down muscles and organs and increase blood flow to the brain. We based our design thinking for this on psychological perspectives, employing olfactory conditioning theory. Previous related works explained the advantages and possibilities of using scent in HCI. Smell is an essential component in the AromaCue toolkit to facilitate learning the breathing procedure and bring conscious awareness to olfactory memory. We also believe users can develop a habit of deep breathing through the olfactory conditioning technique. Olfactory conditioning produces a learned response by associating two stimuli, and it contains three primary phases: before, during, and after conditioning. In our design, we present a breathing training device that satisfies the four essential criteria (shown in figure 2 ) to elicit the relaxation response. These features serve as unconditioned stimuli that will automatically make users feel relaxed. For the breath training technique, we choose the 4-7-8 breathing technique as it has shown an effect on self-regulating anxiety and stress in several clinical studies [16] . This method regulates breathing and is supposed to reduce stress and anxiety by following five steps: "(1) empty the lungs of air; (2) breathing in quietly through the nose for 4 seconds; (3) holding the breath for a count of 7 seconds; (4) exhaling vigorously through the mouth, pursing the lips and making a 'whoosh' sound, for 8 seconds; (5) repeat the cycle up to 4 times." as described by Fletcher et al. [11] . The scent at this stage triggers no effect until it is paired with the procedure of breath training. During conditioning, users practice the breathing exercise while being also exposed to a scent. Through repetitive association between two stimuli, we hope we can elicit the relaxation response through the scent. To trigger this learned response, we introduced the scent-emitting system. It comprises a wearable scent-emitting device and a stress ball as an activator (see figure 2 ). When users feel stressed, they can simply press the stress ball to emit scent, which will trigger their memory of breath training, directing their awareness to rhythmic breathing.
Instruction Steps with AromaCue Toolkit
In this section, we present the processes involved in using the AromaCue toolkit: (1) Place the breathing training device in a place where the user feels secure and comfortable. 
The Breathing Training Device
The breathing training device contains two features: visual display and scent. It employs visual (the Pepper's ghost technique, which is an illusion technique used in theaters [7] ) and olfactory stimulations to create a multi-sensory training environment. The visual aspect uses the law of reflection to deliver an eye-catching visual experience. For the interface design, we visualized the 4-7-8 breathing technique as breathing circles to guide the training. A cat was chosen as a physical background for displaying the computer-generated breathing circle and the screen simulated a sleeping cat, snoring with a speech bubble coming from its nose. We hope the cat enhances relaxation and improves the acceptance of the breathing training device. An aroma diffuser placed inside the box is ready to emit scent.
At the prototype development stage, the breathing training device (26. 
The Scent Emitting System
The scent emitting device is to remind people to perform conscious breathing in a stressful situation when their physical, mental, and emotional responses start to react. People have different abilities to handle stress; therefore, the user scenario may vary between each individual. When people deal with stress-related events, clenching a fist helps to relieve tension, so we designed a stress ball as a switch to activate the scent dispenser. By using the device, the scent provokes olfactory memory and emotion, which assist in reminding users of the breath training procedure.
The prototype of the scent-emitting device was constituted in two parts: the stress ball and a scent emitting dispenser (see Figure 1 , Figure 2 and Figure 4) . A push-button was built inside stress ball to detect external pressure from the user and a mini diffuser was built inside the scent emitting brooch. When the user held the stress ball tightly enough, it automatically activated the scent to diffuse.
EVALUATION
This research aims to assess the user experience of the breath training device and the scent emitting system. The experiment analyzed the feasibility of the scent-based toolkit used in a real physical environment. It was vital to demonstrate whether the scent kit could reduce stress levels and was capable of being used as a relaxation method. The olfactory conditioning effect was analyzed in observations and interviews. The first part of the experiment required one week of associating a sweet orange scent with the 4-7-8 breathing technique. The second part explored whether users could perform conscious deep breathing in response to olfactory stimulation. The experiment took place over one week.
Study Design
In this study, we applied five research methodologies to collect qualitative and quantitative data in the experiments: heart rate, heart rate variability, the depression, anxiety and stress scale (DASS-21), a Smiley Face Likert scale, and the user experience questionnaire. In the experiment, we used the Wahoo heart rate sensor recording the variability (HRV). We apply the root mean square of successive differences(RMSSD) to the R-R intervals. These data helped us to measure whether participants are in a more relaxed state before and after the comparative experiment and allowed us to identify their emotional states. DASS-21 is a clinical selfassessment for users to measure their states of stress, anxiety, and depression. We compared results before and after the experiment, which helped us to understand if the AromaCue toolkit can lower the stress level of the user. Also, the user experience questionnaire [21] helped us to rate the AromaCue toolkit from usability and user experience aspects.
Procedure
Eight participants (7 females with a mean age of 24 and a standard deviation of 6 years) were recruited for the experiment. All of them had an academic background (students of a graduate program or employees or researchers at a university). The participants were not familiar with the 4-7-8 breathing technique and had no allergic reaction to the essential oil (sweet orange). We also asked about their medical condition and records. One participant was diagnosed with an irregular heartbeat; another had anxiety issues. Before the experiment, participants were asked to fill out form DASS-21.
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The experiments tested the users' experience with the breath training device and wearable scent-emitting system.
In a pre-test, we selected the essential oil from six different options from a standard set of the ease aroma shop. Participants rated them according to pleasantness and unfamiliarity. The sweet orange scent was rated the best with high pleasantness and medium unfamiliarity. 90%of the participants chose the sweet orange scent; therefore, we picked it for the experiments for all participants. We assume that the scent can be individualized for future use. The experiment arrangements were divided into two and conducted in accordance with, and with the approval of, the ethics board of Keio University.
Training. The participants were asked to practice the breathing technique at least twice a day for one week with the training device at home. One training interval lasted for two to three minutes [29] . To ensure that the participants completed each training session and used the correct breathing technique, we set a default task-reminder on their phone. We provided the instruction steps with the AromaCue toolkit to them, and we were notified after they finished.
Comparative Experiment. A comparative experiment (with or without sweet orange scent) was conducted one week after training with the breath training device. Heart rate variability, heart rate, and emotional change scale [13] were measured before, during, and after the experiment (around one minute after the Stroop test to get back to baseline). The Stroop test was applied to simulate stress. Tulen et al. showed that it could induce short term stress [28] . We used a Latin square design, alternating the scent and no-scent conditions. Figure 4 depicts the setup. During the comparative experiment, participants were asked to hold the stress ball. If they felt stressed, they can squeeze it. In scent condition, when the user squeezed the stress ball, the sweet orange scent would automatically emit.
After the comparative experiments, the participants answered an exit questionnaire and interview, targeting their overall experience, and evaluating the design of the Aro-maCue prototype. They also completed the DASS-21 before the training started and again at the end of all the experiments [3] . This should give an indication of whether the overall experience is useful for reducing longer-term depression, anxiety, and stress indicators.
DISCUSSION AND RESULTS
In the comparative experiment (scent/without scent), the decrease in heart-rate (before minus after the Stroop test) is significantly higher for the scent condition. In other words, the heart beats per minute decreased more for the scent condition (M= -3.1, SD = 3.7) compared to the control condition (slight increase, M= 3.28 STD=3.7) (t = 2.62, d f = 7, p = .010162). The result is significant at p < .05. This can indicate a more relaxed participant.
The heart rate variability (the higher, the better) increased during Stroop for six participants who used sweet orange scent, versus only three in the control condition (without the smell), as seen in Fig. 5 . However, the change is not statistically significant.
Regarding the qualitative results: the emotional response was recorded before and after each test. The Likert scale measures from negatively excited (-2), to negatively mellow (-1), to neutral (0), to positively mellow (1) to positively excited (2) . Following the use of the breathing training device,75% of the participants reported that their mood had improved.
We also used the Smiley Face Likert scale to detect emotional changes. 50% (4) of participants reported that the Stroop test does not influence their mood. The same proportion of participants rated a negative change after the Stroop test (without scent); However, the second test indicated that the sweet orange scent improved their mood, with all of the participants reporting positive emotional changes.
To evaluate the severity of stress, depression, and anxiety over the whole experimental time, we used the DASS-21. Participants filled it out before starting the training and at the end of all experiments. The DASS-21 gave us an indication that our overall design worked, lowering indicators for stress, depression, and anxiety.
The results for all three (perceived long-term stress, depression and anxiety) are statistically significant using a paired T-test. All indicators decreased over the design intervention (see Fig. 678 ). We saw a decrease in depression indicators from before (M=10 points STD=7.4) to after (M= 3.11 STD=1.90237946) (t = 2.21, d f = 7, p = .002), the same is true for the anxiety indicators before (M=8 points, STD4.25) and after (M=2.4, STD = 2.71) (t = 2.88, d f = 7, p = .005), as well for the stress indicators of the DASS21 Scale before (M=11.125, STD = 6.428571429) and after (M=2.799872446, STD=3.823486317) 2.89 (t = 2.89, d f = 7, p = .005). As expected, the intervention had big impact on perceived stress levels. The user experience questionnaire [21] provides an overall perception of the design. The questionnaire helped us to analyze pragmatic quality and hedonic quality. The mean value per item scored greater than 0.8, indicating positive feedback from participants. The final results of pragmatic quality (1.656) and hedonic quality (1.438) are the overall perceptions (1.547) that the participants scored for the design. However, due to the small sample size, it is hard to generalize.
All participants reported that the AromaCue toolkit is useful in helping them to adopt a better breathing habit and be more conscious about deep breathing.
INTERVIEW
Interviews were conducted after the experiments. Trained participants reported their overall view of the AromaCue toolkit. Before the experiments, only one participant was aware of the benefit of breathing exercises, and none of them had trained before. This experience helped them to understand a more simplified approach to relieving stress, and they believed they would use it to cope with stress. In terms of the design, most participants liked the creation of a multistimuli training environment; however, some reported that they needed to pay much more attention than they expected to keep up with the visual guidance. Half of the participants requested the use of haptic output in the breath training device, which could promote relaxation further. Most participants thought multi-sensory stimulation could enrich their learning experience. After using the scent-emitting system, seven participants reported that they squeezed the stress ball and took deep breaths during the Stroop test (with smell). Even though they did not strictly follow the 4-7-8 breathing technique, they took deep breaths in response to the sweet orange scent. They felt more relaxed in the Stroop test with scent.
USE CASE: FINAL MASTER'S PRESENTATION
Six of the participants were due to give final presentations of their master's level research, and they used the learned method before and during the presentation to calm themselves. They all reported that the training helped them to stay more focused and relaxed during their presentations. This case for use was unexpected since participants were not asked to use the AromaCue toolkit: we were informed afterward. They reported that they felt stressed before the final presentation, and their previous breath training reminded them of a strategy to reduce stress. One participant thought people always overthink when they know they are about to encounter stress, and she believed most people might use the toolkit in that scenario.
LIMITATIONS
Our study had two limitations: small sample size and a gender imbalance in the participants. The small sample size of the study may have affected the interpretation of the p-value and confidence intervals. The P-value of our results showed a statistical significance; however, due to the small sample size, the assumption of our hypothesis, which is that stress levels would be lowered, maybe less credible. Our study also relies heavily on user experience with the AromaCue toolkit. Interviews and the final master presentation of user cases confirmed the possibility of using a learned technique in response to stress.
CONCLUSIONS AND FUTURE WORK
AromaCue is a scent kit for cultivating the habit of deep breathing. It comprises two parts: the breath training device and the scent-emitting system. The concept development is based on the olfactory conditioning theory. Though the repetitive pairing of smell with the 4-7-8 breathing technique using the breath training device, individuals can adopt a useful skill for coping with work-related stress. The wearable scent-emitting system reminds users to breathe deeply in a real scenario. One week of user study revealed significant improvement in DASS-21 scores. The use of the scent system during final research presentations provided positive feedback from participants. Therefore, we believe the AromaCue toolkit can positively enable users to deal with stress. For the future design, we will compare a haptic simulation with a visual aid to distinguish the differences in user experience.
